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Abatract 
Facilities layout planning has been a major contri-
bution of engineering work to corporate productivity 
' • ,..i 
improvement efforts. Software packages using either 
qualitative or quantitative measures have been used 
industrially since the nineteen-sixties. A more recent 
approach is the use of multiple criteria, which allows 
both subjective and objective criteria to be used. 
The author has developed a Software package using 
the multiple criteria approach which goes a few steps 
further by enabling the user the flexibility of defin-
ing his own space rather than· allocating departments to 
predetermined locations. The pa.ckage also takes into 
consideration the trend toward cellular manufacturing. 
This type of manufacturing often requires tool or 
, fixture magazines. The program enables the user to 
define various magazines and their relationships with 
the manufacturing cells to be located. 
The thesis includes an overview and crit.ique of the 
traditional approaches. A detailed dis·cussion in the 
multi-criteria approach follows the overview. The 
package by the author is ·then described and finally, 
.Po~sible enhancements, conclusions and potential futu±e 
research. topics are presented. 
1 
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1. Introduction 
The United States, in its drive for manufacturing 
productivity, is facing a trend where many shop floors 
are moving into cell technology as a strategy to im-
• 
prove their production operations. 
Cell technology and cellular manufacturing are 
essential ingredients of Just In Time (JIT). They 
involve the grouping of machines and operations to 
produce a part from beginning to end on the same group 
of machines. Those machines are normally located in a 
close proximity. 
This trend represents a significant change with 
respect to traditional manufacturing and calls for 
research in a variety of arenas. Facilities layout 
planning is only one of these areas. 
Problems associated with facilities planning have 
existed since the beginning of organized produ.ction. 
The issue has been addressed with computers since the 
early 1960's, yet computer program:s are used t·o solve 
planning problems in only a minority of cases [11]. 
The trend toward cellular manu.facturing and the 
relatively unsuccessful app·lication history of computer 
-aided layout planning are two issues· which show that 
2 
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a new path has to be found. The new path-will need to 
take into consideration the unique requirements of 
cellular manufacturing, yet be applicable to tradition-
al manufacturing where facilities are still primarily 
regarded as production departments, offices, etc . 
.. 
Layout planning may be defined as "the process of 
obtaining the optimal disposition of the physical 
facilities of a manufacturing unit" [SJ. It "determines 
how an activity's tangible fixed assets best support 
achieving the activity's objectives'' [14]. Facilities 
planning for a manufacturing firm may involve the 
production and office areas, machines and equipment, 
and material handling systems, subject to specified 
criteria and constraints. 
Approaches toward solutions of the layout problem 
may be divided into two categories; constructive and 
nonconstructive. In the constructive approach, the 
program used will be responsible for generating an 
initial layout "from scratch". Generally speaking, 
these construction--type heuristics do not yield solu-
tions that are near optimal. 
The purpose of the nonconstructive approach is to 
improve upon an existing layout, and' indeed they 
produce better solutions. Improvement heu!istics start 
with an injtial assignment.of departments to locations, 
3 
-;... .' 
and through a systematic interchange of department 
locations, try to produce better costwise solutions. 
Those procedures usually employ either the Quadratic 
Assignment Problem (QAP) or the Relationship Chart as a 
formulation of the layout design problem [6]. Those two 
are better known as the quantitative and qualitative 
procedures respectively. 
According to the quantitative approach employing the 
QAP method, we assume that there are M departments of 
equal size to be assigned to M locations, again of 
equal size. Most of the exact algorithms for solving 
the problem such as those developed by Lawler in 1963, 
Gavett & Plyter in 1966, Bazaraa & Elshafei in 1979 and 
others [6], employ a branch and bound solution ap-
proach. Those algorithms were unsuccessful in solving 
problems of realistic size. Foulds [6] suggested that 
solution times for QAP are likely to increase exponen-
t-ially as a function of the number of departments Jo be 
loc.ated in the facility. It was mainly this reason that 
encouraged heuristic models for solving QAP. CRAFT, 
developed by Armour ahd Buffa [5], is a quantitative 
heuristic model where iaterial handling costs between 
); 
departments serve as the basis for the evaluation of 
. · ·, 
I I 
the goodness of the layout, and are thus to be m1n1-
o 
mized. 
4 
The qualitative approach, supported by programs such 
as ALDEP(Seehof and Evans 1967), CORELAP(Lee and Moore 
1967, Moore 1971) and RMA COMP !(Muther and McPherson 
1970) uses a lettering system to illustrate the desira-
bility of locating a pair of departments in adjacent 
positions. The following is a rating system often used 
by many researchers and practitioners. It was developed 
by Richard Muther, an early pioneer in the area of 
facilities planning, in his Systematic Layout Planning 
( SLP) . 
A Absolutely essential that the departments will 
be located adjacently. 
E Essential that the pair be located adjacently 
I Important that the pair be located adjacently 
0 Ordinarily beneficial t_hat the two departments 
be located adjacently 
U Unimportant that the pair be located adjacently 
X Undesirable that the two departments be located 
adjacently 
Different programs give different numerical values 
for the above rates. These rates are summed to a total 
layout score that reflects the success of the planner 
to satisfy the qualitative requirements. The objective 
is to. maximize the score associated with the layout. 
ALDEP uses the following assignment: 
. 
A=43·=64, E=4 2=16, I=4 1=4, 0=40=1, U=O, X=-4 5=-1024 
5 
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Layout design algorithms employing a relationship-
chart are easier to use as they require only minor data 
acquisition, which is far less detailed than the one 
needed for the quantitative material flow procedure. 
The thesis is composed as follows: 
Chapter 1 discusses some of the most frequently used 
computerized planning programs. 
Chapter 2 pr~~ents an overv-iew of traditional ap-
. I ,. I . I proache·s and describes the algorithms used in the 
PLANET, CORELAP, and CRAFT packages. 
Chapter 3 analyzes the drawbacks of the traditional 
approaches which lead to the Multi-Goal Approach. It 
also presents several models that support this ap-
proach. 
Chapter 4 describes in detail the package that was 
developed.by the author. 
The last three chapters conclude the work with 
possible enhancements to the package, conclusions and 
recommendations for future research . 
.. 
/ 
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2. An Overview - Traditional Approach•• 
2 . 1 CRAl''l' 
CRAFT is an acronym for Computerized Relative Allo-
cation of Facilities Technique and, in 1963 was the 
first computer aided layout package to appear in the 
market [ 14] . 
., 
CRAFT requires that a move cost per part number be 
assigned in terms of cost per unit moved per unit of 
dis.tance. 
The program first evaluates an initial layout • in 
terms of transportation costs and then proceeds to 
1nterchange departments. CRAFT employs pairwise and 
three way interchanges. The best layout from the per-
spective of material handling cost is chosen and the 
process of interchanges repeats until no further reduc-
.... 
tion of costs is feasible. The exchange which results 
in the _largest savi~g is recommended. 
The model can handle a problem of up to 40 depart-
ments or work centers. 
The concepts introduced by CRAFT are still valid and 
_ wide_,ly used in research. as well as in industry. Pack-
ages like "Biased Samp·ling Technique" developed by 
7 
( ' 
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Nugent- et al in 1968 [6], "Simulated Annealing" by 
Kirkpatrick et al in 1983 [6] and others, represent 
different paths for solving the assignment problem, yet 
may be regarded as variations of CRAFT. 
2.2 PLANB:T 
PLANET is an acronym representing Plant Layout 
Analysis and Evaluation Technique [14]. PLANET may be 
used to either generate or evaluate layouts. According 
to the algorithm, three different layouts are con-
., 
structed based upon three alternative methods of speci-
fying material flow data. 
1. The firs·t method requires the input of the 
production sequence and the cost per foot for each 
part number. PLANET then gene:rates a from-to cost 
chart. 
2. The second proced~re is initiated by entering 
the from-to cost chart directly. 
3. The third method is· based on a penalty matrix. 
The matrix may exprsss the various relationships 
. 
. 
between departments. Those relationships are mostly 
conterned with~the material flows rather than 
closeness values, which are- less tangible. 
8 
• 
In short, all three methods use different mechanisms 
to specify material flow data. 
PLANET also requires placement priorities, the high-
est being 1 and the lowest being 9. Once a department 
has been chosen according to one of the placement 
algorithms, it is located in a position which minimizes 
the increase in handling costs. 
PLANET bases the layout solely on material flow and 
as such ignores other relevant issues. These are enu-
merated iti Chapter 3. Also, PLANET does not restrict 
the final layout to a uniform building shape or to any 
user defined space. It does not have the capability to 
fix a department to a specific position. 
2.3 CORELAP 
CORELAP, developed by Lee and Moore in 1967, • is an 
acronym representing Computerized Re.lationship Lay,out . ./ 
Planning (14]. It generates a facility layout based 
solely on closeness relat.ionships. 
First, the Tota.I· ·Closeness Rating (TCR) is calculat-
. / 
ed by assigning ·numerical values to relationships, 
based on the chart developed by MUther, 19~1 (10]. •., 
Then, the'. departme.nt with the highest TCR is chosen and 
located at the center of the planning space. Other 
9 
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• 
departments (a maximum of 45) will follow in accordance 
to the relationship between them and the already locat-
ed departments. 
A placement decision is made every time a department 
is introduced to the layout. The available locations 
are evaluated and the one that maximize the sum of the 
closeness ratings is chosen for the new department. 
Once the layout has been defined, a layout score is 
calculated: 
Numerical Length of 
Layout Score = L closeness x shortest 
all departments rating path 
• 
·T·he program uses rectilinear distances between the 
c ircumf·erence s of de_part·ments, rather than the cen-
troids. It. is assumed that each department will have a 
dispatch area and a receiving area on each side on 
which it has neighbors. 
It is important to not.ice that the procedure ignores 
the material handling cost, so a specific location may 
be chosen arbitrarily alt~ough others may represeDt 
bet t e r opp o rt unit i e s for s at i s, f yin g s om e mat e r i a 1 
handling requirements. Just like CRAFT and PLANET, 
CORELAP does not restrict }the layout to: a regular 
' 
shape. 
10 
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3. The Multi-Goal Approach: 'l'he Way Ahead 
3.1 The Currant Way - What Is Wronq? 
In industry, the vast majority of packages that are 
being used are those that may be regarded as the oldest 
in the market. According to Moore(1978), in a survey 
directed to both American and British manufacturers, it 
seems that CRAFT, CORELAP and ALDEP are the most fr.e-
quent ly used packages among the users of facilities 
planning programs. Yet many problems were raised when 
the survey results were analyzed. Between 2/3 (Americari 
manufacturers) and 3/4(British manufacturers) reported 
only marginal use. 
In the early packages and those that followed but 
still represent only marginal enhancement to CRAFT 
CORELAP and ALDEP, some significant limitations may be 
found (Carriefe 1980, Rosenblatt 19J9): 
I ,.. 
1. Within the overall scope of layout planning work, 
computer aided layout planning assists in only a small 
portion. Major layout planning projects would normal-
.. 
ly involve the following'stages: 
i. A Decision to proceed 
I I 
11. 
I I I 
lll~ 
decision) 
Data acquisition 
Planning the overall 
the plant. 
11 
(mainly an economic 
' 
) 
layout of .departments in 
) 
iv. Planning the detailed layout within each 
department space. 
v. Production of layout drawings 
vi. Implementation 
The most common packages offer solutions for the 
third stage only. An overall layout which, as mentioned 
before, does not restrict itself to a regular space 
shape is the one and only remedy they all can offer. On 
the other hand, in minor projects which involve the 
introduction of new machines or departments to an 
"' .'! 
existing working environment, this stage is not needed. 
And the minor projects probably outnumber the major 
ones by about ten to one [3]. 
2. Moore reported two main problems American planners 
had encountered while using computer aided programs: 
i. Obtaining input data 
ii. Input data format 
It often seems to be as fast to use the manual SLP 
as it is to use a computer. The main reason is data 
requirements. Once the data has been obtained, it can 
be used for manual p·lanning as well. Even when the data 
does exist in the computer's memory, it needs to be 
reformatted for.the special requirements of the plan-
ner. For example, for a specific material handling 
system, the only cost available may be in the form of 
initial investment. Then, the cost of energy has to be 
;, .. 
12 
'· 
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• 
obtained from another source and converted to cost per 
foot. This job may often involve many man hours. 
3. The benefits from the turn key systems are usually 
less than satisfactory. From the survey, it can be 
concluded that there are many variations of layout 
problems. Each layout problem is slightly different 
from the previous one, so existing universal computer 
programs must be used with caution. Quite often they 
suffer from poor definition of all system parameters. 
They always call for a manually detailed layout plan to 
adjust to actual constraints. 
Going even deeper into the issue of unsatisfactory 
recommendations, the following conclusions can be 
derived: 
i. The quantitative approach has an implicit as-
sumption that the material handling pattern can be 
provided as an input to the program; thus, as such 
it does not depend on the generated layout. In many 
cases more than one single route is possible, 
mainly i·n situations where a specific process is 
required fUt can be done in more than one location. 
In these ca.ses it may be poss··ible that the output 
variable (Distance between departments) will affect 
the input variable (amounts of material flow). It 
13 
,, 
seems to be that current approaches ignore the 
stochastic nature of the material handling and flow 
• issues. 
ii. CRAFT and others do not consider the qualita-
tive requirements of a layout. Factors such as 
safety level, noise, dust and vibrations may have a 
tremendous effect on the working environment, yet 
they are completely ignored. The following are 
examples where those factors are of great signifi-
cance: 
J 
a. Safety level - Hazardous inflammable materi-
als are often used in production. The area where 
those materials are stored should be safely 
located relatively to welding zones, where a 
fire may be caused by sparks. Also, they should 
not block or be near emergency exits if they 
explode. 
b. Noise - A sales office may often host meet-
I 1ngs of plant representatives and potential 
buyers. The atmosp·here shouid be -one that will 
enable pleasant conditions for negotiation, and 
should not be disturbed by any noise~ Close 
proximity to the productLon floor may threaten 
'. r 
14 
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., 
this atmosphere. Therefore it is recommended to 
include a constraint in the form of a closeness 
rating between the sales office and the produc-
tion departments. 
c. Dust - In a painting shop or a clean room any 
presence of dust beyond a nominal level may 
damage the products. Close proximity to a metal 
cutting shop will either require large invest-
ment in filtering systems or result in damage to 
product quality and equipment and hence to 
overall sales and company reputation. 
d. Vibrations - Fine measurement stations that 
serve as "go no go" decision makers and deal 
with tight tolerances, are sensitive to any 
mechanical vibrations and shocks. For example, 
injection molds should be located at a safe 
distance with respect to a fi.ne measurement 
station as the one above, or otherwise, it may 
be required to provide special support and 
shock absorbers to isolate the measurement 
stations from the effect of the molding qpera-
.,,. .~ t 
.. tion. · •. 
• • • • 111. 
/. 
The major problem with the qualitative ap-
preach is its scoring and evaluating mechanism. It 
' 
15 
ignores the variety of products and material han-
dling systems employed in the plant, their dif-
ferent moving costs and the routing through which 
each product goes. 
iv. Most of the available packages call for human 
interaction in the detailed layout stage as they 
are not restricted to any user defined space and 
unable to accept special requirements for allocat-
ing departments in specific positions.·For example, 
J 
a receiving department may be required to be locat-
ed next to existing docks. 
v. The programs ignore any prior decisions on the 
organizational basis of departments within the 
plant. Quite often the nature of the product or 
corporate policy call for a specific plant layout 
such as fixed position, process or product flow. 
The existing packages provide no answers to this 
question, nor do they accept a decision like this 
' 
as a guide line. 
vi. Existing packages and current research efforts 
do ·not address the trend in manufacturing toward 
group technology and cellular manufacturing. They 
" 
still treat facilities as traditional departments 
only and igno.re new requirements raised by this 
16 
trend: 
a. The need to maximize the flow within a de-
partment while minimizing the material flow 
between departments. 
I 
b. The need ',f0r maintenance and access areas to 
the cells. 
c. The orientation issue of cells. Horizontal 
vs. vertical orientation is only the first level 
~~9~:f:-, complexity, yet many packages ignore this 
\ 
iss~e. Production cells would normally have a 
limited number of load and unload zones. This 
... 
restriction imposes an additional set of con-
straints on the relative orientation of one cell 
toward another, especially when a large volume 
of material flow is involved. 
d. The· flexibility to define the planning space 
as close as possible to th-e actual one. Real 
·structures impose space constraints as well as 
irregularities of sh~pe which are currently 
ignored by many packages. 
e. Some relationships always exist among new 
space and a currently used one. If no possibili-
;,, 
ty exists for fixing some departments. at.specif-
• 
17 
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ic predetermined locations, those interdependen-
cies are ignored. 
f. Tools or fixture magazines represent a deci-, 
sion which depends quite often on the layout. In 
some cases a single magazine may serve the needs 
of the whole production area, whereas in others 
more than one is required. A decision like this 
involves a compromise between operational cost 
and the initial investment in magazines. The 
operational cost or savings are those caused by 
reduction of the overall cost of material hand-
ling due to better service of magazines. 
This work does not intend to address the complete 
domain'of problems discuss~d above, yet it will de-
scribe socie of the contributions made through recent 
research and especially concentrate on the benefits 
brought by the Flexible Facilit1 Planning program 
developed by the author. 
The next section discusses more recent efforts which 
are directed toward 'Considering both tangible and 
intangible factors and tying them into one single 
objective function. 
18 . ' 
3.2 Multi-Goal Approach - Various Model• 
Starting in the late 1970's, researchers tried to 
combine the two approaches (qualitative and quantita-
tive) into one objective function and thus form the 
multi-criteria approach to the facilities layout prob-
lem. Meir Rosenblatt (12] was among the pioneers and 
the following sections deal with the models developed 
by him and other researchers who made significant 
enhancements to Rosenblatt's model. 
3.2.1 Rosenblatt, and Dutta and Sahu 
The following model was developed by Meir J. Rosen-
blatt and is a nonconstructive technique. The main 
motivation behind-the ·development of this model is· to 
overcome the problems encountered in qualitative and ,:" 
quantitative approaches where only closeness ratings or
 
material handling cost are considered. 
The model combines two quadr·atic assignment formula-
tion; the quantitative and the qualitative. The objec-
tive of the quantitative formulation is to minimize the
 
cosL associated with the assignment. The number of 
~"" 
locations in the model is equal to the number of de-
partments. The formulation· can be modified to·include 
dummy locations or departments [12]. 
19 . 
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Problem Q 
n n n n 
Min Zr = L L L L Aijkl Xu xkl 
i=l j=l k=l l=l 
s. t. 
n L x .. = 1 j=l, .... ,n 
. 1 IJ 1= 
n L x .. = 1 i=l, .... ,n 
. l IJ J= 
x .. = 0 or 1. 
lj 
Note that: 
, 
(1) 
(2) 
(3) 
(4) 
1 if departmet i is assigned to location j 
Where: 
x .. = lJ 
0 other\vise. 
f.. D .. + c.. if i=k or J·=l IJ lJ lJ 
Cu = Cost per unit time associated directly with assigning 
department i to location j. 
(5) 
(6) 
Djl = 'Distance' from location j to location 1 ( travelcost bet\veen 
locations) 
Fik = Work flow from department i to department k. 
Th~ above model does not consider the qualitative 
issues in th~ design, so another model was developed. 
The model is based on programs li.ke ALDEP and CORE.LAP. 
It was also formulated as a quadratic assignment prob-
lem.· The objective of the following model is to 
maximize the total closeness ratings. 
20 
I 
Problem L 
s. t. 
n n n n 
Min Zy = L L L L wijkl xij xkl 
i=l j=l k=l l=l 
n L x .. = 1 j=l, .... ,n 
. l IJ 
I= 
n 
" x .. = 1 i=l, .... ,n 
.Lt IJ 
J=l 
x .. = 0 or 1 V ij. IJ 
Where: 
' ' 
(i) 
(8) 
(9) 
(10) 
Rik if locations j and 1 are neighbors (i.e. have common boudary) 
Wuk, = 
0 otherwise. ( 11) 
Rik Closeness rating desirability of department i and k. 
The two problems Q and L can be combined now as they 
are both formulated as quadratic. assignment problems 
and share the same feasible region. The combination 
results in a multi-objective function composed of two 
sub-goals. The first is to minimize the material ·flow 
cost w·hile the other is to rn-aximize the total closeness 
rating. 
Problem 1VI 
• 
s.t 
·n L x .. == 1 
• IJ j = l, ...... ,n 1=1 
n I: .. Xu = 1 
j=l 
· i = i, ...... ,n· 
21 
. t 
(13) · 
(14) 
,,, 
x .. = 0 or 1 IJ 
-
(15) 
(16) 
0<'.-1 and cx
2 are weights assigned to the total cost flow 
and total rating score, and reflect the relative impor-
~ 
\ tance or contribution of each factor on the final 
layout. 
The issue of choosing the alphas correctly, and thus 
provide a reasonable and realistic emphasis of the two 
objectives, is discussed in few papers and still calls 
for further research. 
Different solution procedures can be applied to the 
quadratic problem. Rosenblatt, taking advantage of the 
fact that only two goals are considered in the objec-. 
-
tive function, chose to solve it graphically. Rosen-
blatt's algorithm uses layouts generated by ALDEP and 
then sets up and compares generated points(Rj,Cj), with 
points in an efficient set, graphically defined. The 
points represent a specific solution for the combined 
problem where Rj is the value for the total closeness 
. 
rating of a solution and Cj is the total material flow 
for the same solution. The point dominates a set of 
points in a feasible domain of solutions. 
22 
Dutta and Sahu, 1982, in their model (MUGHAL) are 
relying on the same multi-goal approach, yet there are 
two main differences between the methods: 
·1. Where Rosenblatt uses the graphical method for 
the solution described above, Dutta and Sahu use 
pairwise exchange to improve upon an initial lay-
out. 
2. Rosenblatt added closeness rating values for 
departments if they had either common borders or 
common corners. Dutta and Sahu added the corre-
sponding values only for departments that have 
common borders. 
Both methods assume that all departments are of one 
unit area. The distances between adjacent departments 
are assumed to be one unit and the cost is assumed to 
be proportional to the tot~l material handling and 
linear in nature.-
3.2.2 Fortenberry and Cox - The Multiplicity Model 
The objective of this model and its evaluation func-
.. 
·_tion is to minimize the t.ransportation cost where the 
distance betwee-n departments is weighted by closeness 
rating. The model uses a quadratic-~assignment formula-
tion [7]: 
--:--~ ·\_ ~ 
.~~-
..;,, 
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Where: 
n n n n 
Min Z = :E .:E :E :E Aijkl Bi'kl Xi. Xkl 
i=l J=l k=l l=l J J 
s. t 
x .. = IJ 
n 
:[ x .. = 1 
. l IJ 1= 
j = l, ...... ,n 
n 
:[ x .. = 1 
. IJ 
J=l 
x .. = 0 or 1 IJ 
i = 1, ...... ,n 
1 if department i is assigned to location j 
0 otherwise 
·ojl = Distance from location j to location I 
Fik - Work flow from department i to department k. 
Rik = Closeness rating of departments i and k. 
The closeness rati.ng scoring uses the following system: 
A=5, E-4, 1=3, 0=2, U=l, X= -1 
(l) 
(2) 
(3) 
(4) 
The model enables the contribution of ·the closeness 
rating regardless of adjacency, common boundaries or 
common corners. Also, the mo_d~l u~es _a ra.ting system 
for A through X that ranges from 5 to -1, whereas most 
systems are using 6 to 1. The developers assumed that 
this range. serves better the ·objective of separating 
departments with an "undesirable" closeness ·rating. 
How~er, the model suffers from two main shortcomings: 
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1. It penalizes facilities with undesirable close-
ness rating and high work flows more than those 
with undesirable closeness rating and low work 
flows. This can be illustrated by comparing the 
loading factors for increasing values of work flow 
volumes: 
For cases where X (which is assigned a value of 
~l} is the closeness rating describing the rela-
tionship between two departments, higher volumes of 
work flow will result in a smaller loading factor 
which in turn will result in increased distances 
between the departments in order to minimize the 
total cost. 
2. The model does not allow adjacent departments 
with no work flow but pa high closeness rating to 
contribute to the total score. In many cases, it is 
desirable to locate .a specific facility - a super-
visor for example - near a production area, al-
though. there is no work flow between the supervisor 
office and the shop. A successful assignment of the 
two to adjacent locations should be given cr·edit, 
yet this model ignores the issue. 
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3.2.3 Timothy L. Urban: 
Enhancements to the Multiplicity Model 
This model was developed in order to overcome the 
shortcomings of the multiplicity model by Fortenberry 
and Cox. It uses the following formulation [15]: 
Where: 
C > 0 
Djl = The rectlinear distance bet \veen locations j and 1. 
Fik == The work flo\v volun1e among any pair of departments i and k. 
Rik == The closeness rating desirabilityof facilities i and k. 
C = A constant to determine the importance of the closeness 
rating to the work flo\v. 
The load factor (Fik + CxRik) for any given rating 
should never exceed the load factor for the next higher 
rating. 
Urban, like Fortenberry and Cox also uses the 
alternate closeness rating system where A=S, E=4, I=3, 
0=2, U=l and X=-1 as a tool to provide better separa-
tion of two facilities with an "undesirable" closeness 
rating . 
. 
The model -developed by Urban indeed overcomes the 
problems of the Fortenberry and Cox model. It provides 
a be-tter separation of facilities with "undesirable" 
closeness ratings, esp~cially those with lower volumes· 
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of workflow. Also, it allows closeness rating to in-
fluence the objective function even when there is no 
work flow between the two departments. 
However, as with the model developed by Rosenblatt, 
it also oversimplifies the problem of facilities plan-
ning by treating it as an assignment problem of equal 
area departments allocated into predetermined equal 
area destinations. 
It is very likely that the recent efforts dealing 
with the multi-goal objective function will prove to be 
a step toward a better formulation of a problem, mainly 
with respect to the combination of quantitative and 
qualitative factors in real layouts, which is now being 
reflected in the evaluation process. Yet, these models 
are far too simplistic in nature and may offer only 
limited help, and only in the overall layout planning 
stage. A detailed layout cannot be generated when one 
assumes equal sized departments, distances of one unit 
between adjacent departments, and so on. Also the 
' 
departments are assigned to one of many predetermined 
locations within a rectangular space. Further enhance-
~ents and fine tuning are required to bring the pack-
·ages where they can be used industrially. Some of those 
·enhancements are discussed within the scope of the 
_J 
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Flexible Facilities Layout Planning program, while 
others are mentioned in the section concerned with 
future developments and further research in the area. 
3.2.4 Expert System for Facilities Planning 
The problem of facilities layout planning has been 
approached via many techniques and mathematical ap-
proaches. Graph theory and a variety of mathematical 
models were all used during the nineteen-fifties and 
sixties to solve the problem, and lately the ·theory of 
fuzzy sets has also been considered. 
A relatively new approach uses an expert system, an 
offshoot of Artificial Intelligence (AI). In a model by 
trial facilities layout planning was developed. The 
problem is treated as a multi-objective case. The mode.l 
was developed according to the general me.thodoldgy of 
ex·pert systems: 
1. Problem definition 
2. Conceptualization 
3. Implementation 
4. User interface 
5. Learning 
Some-\ o.f the objective criteria are: (1) Special 
requirements for certain departments. (2.) Safety con-
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siderations. (3) Noise considerations. (4) Space utili-
zation. 
The multi-objective function can be composed of the 
fol lowing sub-objectives: ( 1) Minimize material flow. 
(2) Maximize safety level. (3) Minimize noise level. 
(4) Maximize the level of satisfaction of special 
requirements subject to a set of hard and soft con-
straints (hard constraints are conditions that cannot 
be violated by the layout generator, where soft con-
straints are more of recommendations). 
One of the reasons AI is often chosen as a tool, is 
its capability to perform search tasks and data manipu-
lations on large databases in a most efficient way. The 
issue of knowledge representation is significant. The 
Entity - Relationship Diagram was chosen for this 
model. The program is capable of generating alternate 
paths by combining heuristic search and constraint 
directed reasoning. The process of generating those 
paths is termed "inference". According to the formula-
tion of this model, the p·roblem deals with assigning 
departments to areas. The program can handle up to 25 
departments; without any significan.t degradation of 
computer performance. Beyond this, the computational 
speed becomes slower. (The developers give no indica-
·1 
l 
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tion of exactly how much the speed will change.) The 
C, -
expert system has the capability to generate new rules 
for new user-defined criteria. 
The system emphasizes the issue of user interface, 
as knowledge-based systems generally do, and maintains 
a dialogue during which the user specifies the· number 
of departments, system parameters I I size, noise (such as 
level etc.), and any special requirements of the de-
partments. The system generates, a graphical represen-
tation of the layout, the reasons for each assignment 
and the level of satisfaction for each of the objec-
tives. 
The expert system approach represents ne~ opportuni-
ties such as the ability to handle subjective and 
qualitative information, efficient search capabilities 
to enumerate multiple layout alternatives, and learning 
and reasonirtg power. Yet, the model discussed above 
still suffers from the over-simplific:ation of the 
design and planning problem, an issue caused mainly by 
the formulation of the :model as an assignment case. The 
program is capable ·of considering only the same· number 
I 
of departments·arid destinations, and all must be of the 
same area . 
30 
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All the models presented in the previous sections 
have made a significant contribution to the task of 
layout planning. However, they all tend to over-simpli-
fy the problem. The models use the QAP approach and 
thus assume equal sized departments and locations. 
Also, none of them is capable 0£ restricting the gener-
ated shape to the one the user really needs. Another 
drawback of these models is the fact that they don't 
permit a specific location of a department as preferred 
by the user. This may often be required if relation-
ships between an existing layout and the new one are to 
be considered. 
All these shortcomings have inspired the author to 
pursue the development of Flexible Facilities Layout 
Planning, a package designed to meet the needs of a 
wide range of users. 
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4. rlexible racilitiea Layout Plannina (l'l'LP) 
4.1. A General Description 
Two major issues were discussed in previous sec-
tions: 
, 
1. Computerized facilities layout planning is being 
used only for overall or general layout planning, and 
thus appeals only to one single stage within the layout 
design task. 
2. The current available packages pro.duce only marginal 
' 
benefits. 
rf· the two factors, the quantitative and the quali-
tative, could both be taken into consideration when 
generating the layout, and the process could be tai-
lored better to specific user requirements, facilities 
lay.out planning could indeed become a far more impor-
tant and valuable tool than it is now. 
Flexible Facilities Layout Plannin·g (FFLP) mee:ts 
those requirements, as it takes the above factors and 
provides the user with a graphical tool to define his 
own unique space constraints. 
First. the c.ells or dep.artments are prioritized. 
FFLP, like PLANET, requires placement priorities to be 
assigned to each departme·nt. · The relative importance of 
.. 
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closeness rating vs. material flow cost is assigned by 
the user, and the program then takes the starting 
location (also defined by the user) and places the 
cells one after another while trying to minimize the 
cost function. 
As an output the program draws the final layout 
within the system's borders or the user's constraints 
and uses alphabetic letters to specify the departments . 
In cases where cellular manufacturing is pract~ced, 
the need for either tool or fixture magazines arises. 
With this in mind FFLP i.s designed to enable the user 
to define various magazines and their relationships 
with other cells. 
The following comparison summarizes the differences 
between FFLP and other methods: 
1. Unlike most other packages, which use either 
·, 
closeness ratings or material flow cdnsiderations, 
FFLP combines the two and considers them both in 
-
the placement priority procedure and in the actual 
lrication of departments. 
2. Other packages address the general layout .stage 
only, so manual adjustments are often needed to 
such a degree that those packages would only pro-
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duce marginal benefits. FFLP on the other hand, can 
appeal to the more detailed stages of the design 
task as well. The main reasons are: 
- Unlike the flexible space definition given by 
FFLP, most of the packages use either predeter-
mined and simplistic space on one hand, or a 
free-of-constraints environment on the other 
hand. Both call for manual adjustment as they 
produce unrealist.ic solutions. 
- Most of the packages require a rigid definition 
of both allocated departments and destinations 
within the space. Normally, the departments are 
limited to an area size of one unit. In FFLP a 
department may be of any physical dimension and 
l 
the horizontal and vertical orientations of any 
department are checked and evaluated before 
placement is done. 
- FFLP allows a direct user interaction with 
respect to space definition, starting location 
and fixed department locations. Enabling the 
user to specify starting department and loca-
tion is impo·rt.ant especially when an existing 
. . 
layout imposes some special requirements and 
relationships on the new one. 
' 
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4.2 Input to the Proqram 
The program calls the user to key in the following 
information: 
1. The name and physical dimensions of each cell to be 
located. Each cell carries a single character as an 
identifier. 
2. A set of closeness ratings among every pair of 
• 
cells. Here the traditional set of A, E, I, O, U and X 
is replaced by numerical values 5, 4, 3, 2, 1 and -1 
respectively. 
3. A from-to chart, which contains the product of the 
material flow and cost per foot for each material 
handling system being used to handle the material flow 
among the cells. 
4. Weights assigned to emphasize the relative impor-
·tance of closeness ratings vs. material flow costs. 
5. Space definition: The program enables the user to 
interactively draw the space as it exists in reality. 
6. The first department to be placed and its initial 
location are defined by the user. The user may locate 
. . 
the,department, based on special requirements, or in-~ 
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way that will utilize space in some particular desired 
fashion. Also, a major consideration may be the rela-
tionships that the new layout maintains with the exist-
• ing ones. 
7. In the case of cellular manufacturing requiring 
magazines or any other layout requiring them, magazines 
are defined as cells. An initial cost is associated 
with each magazine, so the user may run the program 
multiple times ahd evaluate the results based on the 
number of magazines. The material flow between each 
magazine and every other cell is then defined as well. 
4.3 The Algorithm 
The following is a step-by-step detailed description 
of the alg·orithm being used for the FFLP software 
package: 
1. The first step involves some data manipulations. The 
file containing the closeness ratings and the from-to 
chart regarding the material flow is scanned and evalu-
ated. The qualitative and quantitative factors are 
weighted using the following function: 
zi =OG 1 (To·t·al flow from & to cell i) 
+C)( 2 (Total closeness rating of cell i) 
\ 
3.6 
......... 
,. . 
' 
' 
The total closeness rating of cell i refers to the 
sum of the numerical values assigned to the relation-
ships between cell i and the rest of the cells. Total 
flow from and to cell i is the sum of the products of 
flow cost and flow volume from and to cell i. 
The cell having the maximum value of Z is chosen to 
enter the layout space. This step performs the task of 
determining the placement priority only, not the de-
partment placement itself. 
--~--
2. The interaction with the user begins by asking him 
to key in the first department. The user may choose to 
maint~in the suggested order of departments, or locate 
a specific department according to some constraints 
impo·sed by the existing layout. 
3. If no specific cell other than the one with the 
higher priority is chosen by the user, no change in the 
placement prio.ri ties is made. 
4. Once the placement priority procedure is done the 
actual allocation starts. Cell·s are selected individu-
a1·1y in order of their placement priority. ·The program 
determines a set of neighbors for each selected cell. 
Th~ neighbors ar.e available squares, each of whic.h has 
an area of one unit .. Thos-e squares share common bound-
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aries with the selected cell. For example, a cell of 
size 2x3 which is located at the center of the space 
will have ten neighbors. If this cell would have been 
located at one of the corners of the space, the number 
of neighbors will then decrease. 
5. The program then considers the next cell for place-
ment, and evaluates the feasibility of allocating the 
candidate to specific squares. Space constraints may 
prevent the placement of a cell in a given location. 
6. Once a feasible location is found, the following 
objective function is then evaluated for each of the 
neighboring squares: 
(';•. 
Where: 
Cost- 1 == The total cost involved with locating cell i I, , 0 
at location j at orientation o. 
MHC··= The cost of handling materials between cell i IJ . . . 
and cell j already located. 
Dist.·= The rectilinear distance between cell i at location IJ . 
1, and cell j already located. 
CRik== The closeness relationship between cell i and cell 
K already located and adjacent to i . 
. C1 = A constant needed in ·order to normalize a 1. 
o 1 = Weight indicating the relative importance of 
material handling costs. 
. . 
o 2 = Weight indicating the r~lative importance of 
closeness ratings. 
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c1 is required since the previous values of the 
weights were used at the initial stage where priorities 
were assigned independently of the distance between 
departments. As the distance becomes a factor in the 
new objective function, a change is required in order 
to maintain the same emphasis given previously to the 
two ingredients. c1 will be assigned the value of the 
reciprocal of the average travel between the depart-
ments. Thus, ex 1. and cx 1 will maintain the same effect. 
7. Steps 5 to 6 are repeated for the rest of the cells. 
8. If the user prefers to locate a cell which does not 
correspond to the priority placement, this cell is then 
extracted from a list of unassigned cells. The user 
needs to define the exact location of the cell, yet the 
rest of the facilities will maintain the calculated 
order, so the highest priority cell becomes the second 
to enter the layout and so on. 
9. Once the last cell is placed in the layout, the 
program then prints to the screen the following infor-
mation: 
- The complete graphical layout containing alpha-
betical identifiers for the departments. 
- A l i st of each 1 o cat e d c e 11 a.n d it s center 
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coordinates. 
- The total score of the layout. 
4.4 Example for Using the Algorithm 
The example below demonstrates the calculations 
required by the algorithm: 
The following are five departments to be placed in 
an unconstrained space: 
Departments DIMENSIONS 
A: Milling center 2x2 
B: Drilling center 3x3 
C: Assembly station 2x5 
D: Painting station 3x3 
E: Quality assurance station 2x2 
Physical dimensions of departments can be 
system of units, depending on the user. 
Quantitative and Qualitative Relationships 
Department 
I pair 
A B 
A C 
' 
A D 
A E 
B C 
B D 
B E 
·c D 
·C E 
D E· 
Closeness 
Rating 
5 
3 
5 
6 
-1 
1 
3 
4 
4 
-1 
40 
Mat.erial 
Flow 
6 
8 
7 
3 
·8 
3 
4 
7 
3 
0 
I in any 
1. Total Material Flow: 
A: 6+8+7+3 - 24 -
B: 6+8+3+4 - 21 -
C: 8+8+7+3 - 26 -
D: 7+3+7+0 - 17 -
E: 3+4+3+0 - 10 -
2. Total Closeness rating: 
A: 5+3+6+5 - 19 -
B: 5+(-1)+1+3 - 8 -
C: 3+(-1)+4+4 - 10 -
D: 5+1+4+(-1) - 9 -
E: 6+3+4+(-1) - 12 -
3. Weights assigned: 
Assuming we are interested in giving the same empha-
sis to the two factors, material flow and closeness 
rat.ings; we first need to ensure that the two are of 
similar numerical scale. Hence, the average value of 
each factor has to be found. 
Quantitative factor: 
Total Material handling costs: 
24+21+26+17+10 = 98 
Average for 5 departments: 
98/5 = 19.6 
Qualitative factor: 
Total closeness ratings: 
19+8+10+9+12 = 58 
Average for 5 departments: 
58/5 = 11.6 
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In order to ensure that the same emphasis is given 
to the two factors, the average values should be nor-
malized: 
19.6 x Alphal = 5.8 x Alpha2 
Alphal + Alpha2 = 1 
Alphal (Quantitative Weight)= .37 
Alpha2 (Qualitative Weight) = .63 
The normalized values will serve as the coefficients 
in the equation used to determine the placement priori-
ties. 
4. Placement priorities calculation 
ZA - 0.37x24+0.63x19 = 20.85 
ZB - 0.37x21+0.63x8 = 12.81 
Zc - 0.37x26+0.63x10 = 15.92 
z0 - 0.37x17+0.63x9 = 11.96 
ZE =~0.37x10+0.63x12 = 11.26 
The order of entering the space is thus A, C, B, D 
and E. 
Maintaining the suggested priorities will usually 
yield the best results. Yet, it is important to note 
that a good layout is in the eyes of the beholder. The 
score currently provided by the package gives only 
general indication. The score should be divided into 
·the appropriate material flow and closeness rating 
contributions to the objective function, in order to 
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better assess the layout and the meaning behind the 
score (see Chapter 5 for Possible Enhancements to the 
package). 
5. It is necessary to clarify one more issue before 
going any further. Since the combined objective func-
tion is also to minimize the distances the material has 
to travel, the weights should be changed respectively. 
For example, if the average distance is 2 feet, main-
taining the Alphas unchanged, will imply_ a double 
emphasis to the material handling cost. Thus, the 
relative effect of the distance on the rnateri.al cost 
" 
ingredient should be eliminated. 
After running the program for various cases, the 
average distance between departments for the given data 
was found to be 4 units. Thus, Cl= 1/4 = 0.25. 
Once department A is introduced to the layout, all 
neighboring squares to A are found. Department C is 
then evaluated. The best location for C is the one that 
minimizes the objective function. For each department 
introduced to the layout, the objective function pre-
sented in the previous chapter is · used to evalu.ate all 
possible· locations and orientations around the already 
located departrn~nts. 
J 
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4.4.1 Various Ca••• 
The purpose of the following examples is to demon-
strate the importance of the placement priorities. All 
three cases give the same emphasis for material han-
dling and closeness rating, • 1.e Alphal = 0.37 and 
Alpha2 = 0.63 (see previous section). 
1. The first case uses the recommended placement priori-
ties where the order of entering the space is A, C, B, 
D and E. This run provided the best results with re-
,.-, 
spect to both material handling cost(s and closeness 
ratings. Total handling cost was 181 units. The total 
closeness rating of the layout was 31 with eight close-
ness relationships being satisfied. 
2. The second case employed a minor change in the entry 
order where department D was the first to enter the 
' layout. The rest of the departments maintained the 
original order, i.e. A, C, B, and E. A Small increase 
of 4 .units was recorded in material handling cost. The 
new cost was thus 185 units. The closeness rating score 
remained unchanged, and the same relationships were 
satisfied. 
3. The third case introduced a reversed -order of the 
departments. The first department to enter the layout 
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was E and then D, B, C and A followed it. The total 
material handling cost increased to 231 units, and the 
closeness rating decreased to 23. Also, the number of 
closeness relationships being satisfied went down to 6. 
As noted before, the combined goal is to minimize the 
material handling costs while maximizing the closeness 
rating. Thus, the score of the above order is the 
worst. 
Although the best layout of the three is the one that 
followed the suggested placement priorities, it is 
important to note that this layout is not necessarily 
the best possibl·e one. First, different Alphas will 
yield different layout configurations. Second, the lack 
of a look ahead mechanism to evaluate the effect of a 
specific positioning of a department on future place-
ments, prevented from getting better layouts. Thus, the 
user is encouraged to run this program for several 
times, evaluate the results and choose the layout that 
best satisfies his requirements. The decision can be 
made based upon the measures provided by the program as 
we.11 as others su.ch as space utilization and genera.l 
shape configuration. 
The program ·is available on file in the Lehigh vt.. 
University M.S.E Program·offices. 
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5. Possible lnhancamants to rrLP 
FFLP was developed within the framework of a Master 
thesis, and thus lacks many features that are required 
to make a software package of commercial quality. The 
following are possible enhancements to the package: 
1. Layout score - Currently, the program provides a 
layout score which is a weighted average of materials 
flow and closeness ratings. This type of scoring is 
common in recent works that support the multi-criteria 
approach. A better way would be to provide separate 
measures for the above factors, i.e. total material 
flow cost in actual dollars and total closeness rating 
achieved by the layout. These two will supply the user 
with a solid decision making tool to improve the proc-
,., 
ess of selecting the best layout. 
2. Space utilization - This is an important measure of 
the quality of a layout. This measure could be added 
externally to evaluate space utilization only at the 
end of the layout generation rather than during the 
process. A good layout should minimize the unused space 
'.J 
c~ptured within the perimeter of the layout and maxi-
• . \ . . . I I 
mize the space outside the perimeter for future usage. 
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3. Enable the user to input the data directly through 
the demand forecast. If the engineering files (Bill of 
Materials and routing) are available and accessible, 
the product mix should dictate the from-to chart di-
rectly, and thus reduce the time spent on data entry. 
4. Processing time - The computation time is an expo-
nential function of the number of departments to be 
located in the layout. Through the use of good program-
ming techniques, the processing time can be reduced 
significantly, and thus enable the handling of more 
departments in a more efficient manner. 
5. Enable the fixing of more than one department to 
specific locations. Space utilization and special 
relationship with existing departments may dictate the 
need to fix more than one department in any single 
e~ecution of the program. 
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6. Concluaion• 
The development of FFLP continues the line of think-
ing found in the multiple criteria approach. It com-
bines the qualitative and the quantitative factors of 
the design into the layout planning process. But FFLP 
does even more. It incorporates the two factors not 
only in an evaluation objective function, but also uses 
the combined factors approach to determine a placement 
priority. This, as a side effect, reduces significantly 
the processing time it takes to generate a computerized 
layout. Also, the method addresses the needs raised 
by the trend to cellular manufacturing by incorporating 
magazines as normal cells, and enabling the user to 
change and evaluate different layouts based on differ-
ent numbers of magazines. The package tries to resolve 
the trade-off between a magazines' initial cost and the 
reduction in material handling cost. This reduction 
occurs because of a reduction in the average distance 
from and to the service magazine. 
FFLP contributes to the detailed layout planning 
' 
stage as well. It does so, first of all, by not consid-
ering the problem as a quadratic assignment problem. 
The algorithm calls for accurate space definition by 
the user via graphical presentation. It also provides 
48 
the user with the capability to fix a department to a 
specific location and thus minimizes the human adjust-
ment often required after the computerized layout is 
complete. 
The following chapter discusses recommendations for 
future research. 
- . . 
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7 . Reco111111endationa for rurther Research 
1. Manufacturing cell orientation - FFLP evaluates both 
the vertical and horizontal states for every cell and 
location. It considers no constraints on the orienta-
tion. In reality, most of the cells would have input 
and output areas t·hrough which material enters and 
leaves the cell. Feeding a cell from its output makes 
no sense. Thus, the preferred orientation of a cell 
should be also part of the generated layout. This will 
obviously complicate any algorithm but it is an essen-
tial step toward better usage of computerized layout 
planning. 
' 
2. Look ahead mechanism and online decision making-
Currently the program uses a placement priority mecha-
nism to determine the order of entry to the layout 
space. A look ahead mechanism would enable it to avoid 
inflexibility in the layout generation, and thus allow 
any department to be considered at any stage for any 
location. It could temporarily assign a depart-ment and 
eval·uate the effect on the objective function. Also, it 
could evaluate whether the remaining unassigned depart-
ments will fit within the remaining space, and then 
backtrack to another tempora~y assignment. After the 
' 
best location is chosen, another departme:nt of the. 
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unselected set would be considered. One of the problems 
with online decision making is that it involves an 
objective function similar in nature to the one used in 
FFLP. Yet instead of considering one department at the 
time, and then trying to minimize some costs associated 
with the location, it is now a case where all depart-
ments are evaluated for all possible locations. While 
trying to I I I minimize the value of MHCxDist and choose 
from a set of unselected departments, the algorithm 
will prefer a low volume material flow facility to a 
larger one, and thus leave those with high flow rates 
(both in and out) to be allocated at the end. This in 
turn will result I in large values of~ both average 
traveling distance and material volumes in later as-
signments. 
One of the possible ways to build a look-ahead 
mechanism may involve the use of an expert system and 
an artificial intelligent language that have the capa-
bility of establishing efficient search and backtrack-
ing procedures. 
3. An important in.gredient in the multi-criteria ap-
proach is the rationale behind the weights used in th~ 
objective function. Further research is required to 
bett.er evaluate those important coeff icie.nts. 
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Urban, in his multiplicity model, suggested the use 
of only one constant(C). In the FFLP model, another set 
of weights was introduced to enable the "on line" 
decision for the location of a given cell. Since the 
relative importance of the two ingredients of the 
objective function needs to remain the same, this set 
can be normalized according to the average value of the 
distance between departments, and thus reduced to a 
single constant. 
4. Stochastic approach to material flow and cost - Most 
of the packages treat the engineering data, including 
routings, material handling systems and cost as deter-
ministic and fixed data. In reality the decision of 
where to route a specific product depends on the lay-
out, just as the layout depends on the routing. If the 
layout process is based on routing and a from-to chart 
only, then it ignores the two way interdependency 
between those two factors. 
For example, in a case where more than one produc-
tion resou:rce of a specific type: is available in two 
different locations, the destination resource is even-
tually determined .as a func.tion of the layout and the 
proximity of one o·f the resources to the station in 
need. The material handling system, and thus its cost 
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per foot, may also be a function of the layout. When 
two stations are in close proximity, a robot can per-
form a pick and place task, whereas if those stations 
were far from each other, a conveyor may be needed. 
Those two handling media have obviously different costs 
per foot and if taken as fixed before the layout is 
generated, human adjustments will be required to bring 
the outcome to reality. 
5. New measures for the multi-criteria objective func-
tion - Every engineerj_ng design, especially in today's 
ever changing markets, should be evaluated in the face 
of its capabilities to accommodate ·change. A layout 
problem is always an outcome of a decision done to 
accommodate certain states in the company's life cycle. 
Product mix, engineering routings, demand volume and 
other factors may change from season to season and year 
to year. A layout which can accommodate a change of 
perhaps 10% in the demand should be preferred to one 
that will require relocation of some of the facilities 
within the layout. Flexibility has to be built into the 
design, so that if a change is indeed required in the· 
physical structure, it can be achieved ·with relatively 
minor investment~. Tools to define a required degr·ee of 
flexibility, and the way flexibility and modularity are 
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to be built into the layout, may be of great importance 
to research in facilities layout planning. "What if" 
and sensitivity analysis are some of the tools that 
can be used to determine the degree of flexibility one 
layout has relative to another. 
6. Cellular manufacturing - Currently, there are almost 
no packages on the market that are capable of handling 
facilities as production cells. Group technology in-
volves the evaluation of alternative subdivisions of 
facilities into groups, wh.i.ch is indeed similar to the 
traditional problem of defining the departmental layout 
within a plant. Combined research with group technology 
practitioners should be of real benefit to layout 
planners. Also, research targeted toward the special 
needs of cellular manufacturing vs. the needs of tradi-
tional departmental manufacturing is important. The 
following are some differences between the two: 
- Cells are normally much smaller than departments. 
The simplifitation often·assumed in the quadratic 
assignment formulation(equal area departments of 
one unit targeted to predetermined equal area 
destinations) may indeed be a good one and thus 
simplify· the problem without affecting the accura-
cy. 
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- Cells make much use of magazines, either for 
tools or fixtures. Several issues involved in the 
decision of how many magazines should be consid-
ered: 1. Tool and fixture sharing and the issue of 
dedicated fixtures vs. reconfiguration costs. 2. 
The cost associated with each magazine vs. the 
reduction in material handling cost and 3. The 
computational power required to determine and 
control the tools and fixtures that are needed 
ahead of time, and the handling media for them . 
. . -
This factor depends directly on the required re-
sponse time, and thus on the number of magazines 
and the average travel of tools from and to the 
work centers. 
- The issue of access and maintenance areas around a 
cell. Those areas represent a large portion of the 
total space dedicated to each individual cell, and 
thus, involve a lower degree of freedom for the 
location of those areas in other l.ocations. A 
corridor in a depa.rtmental layout, for example, may 
· be 1 o cat ·e d in a few di ff~ rent p 1 aces and so the 
requirements are not as rigid as for the cell 
layout. Also, in the case of cellular manufactur-
ing, service areas may overlap but equipment areas 
0 ' 
may not. 
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- The issue of orientation and single input and 
output, or load and unload areas. As mentioned 
before, if the output area of a cell does not face 
the input of another, and changing this orientation 
manually conflicts another ce~l's requirements, 
then this layout becomes a far more complicated 
problem to solve. In the case of departmental 
layout, this problem may be solved fairly easily by 
adding another door facing in the right direction. 
7. Material flow within and between departments- Cellu-
lar manufacturing as well as traditional manufactu,ring 
require the minimization of material flow. One of the 
ways to achieve a reduction in material flow cost is to 
reduce the distances materials have to travel. Design-
ing cells and departments in such a way that most of 
the material flow will take place within departments 
rather than between them, should result in a signifi-
cant reduction in handling c.osts. 
8. Computer Aided Design (CAD) and layout planning- CAD 
systems open up a variety of opportunities. Some of 
them are due to the graphical capabilities of the CAD 
stations, the ease of drawing and editing with CAD, and 
,, 
.level of complexity one can reach in the detai·led 
description of the sub-facilities. Other opportunities· 
56 
I 
• 
have to do with the ability of CAD software to communi-
cate and interface with simulation programs. Those 
programs may be the answer for ever changing require-
ments and the need to evaluate the flexibility of any 
generated layout. With simul.ation, computerized layout 
planning can appeal to the more detailed stages of the 
design task. Simulation also allows issues including 
various material handling systems, exact clearances 
that need to be ensured, and others to be evaluated 
ahead of time with minimum manual adjustments. Some 
work has been done in this area (AutoCad software and 
TESS 3.1 are used for these purposes by FMC Corpora-
tion) but the need for an on-line interaction between 
the CAD function and simulation in the development of a 
layout are important and yet to be achieved. 
The author believes that if the above topics were 
to be the subject of further research, we may expect a 
real contribution to industry. Taking into consider-
apption the various possible orientations each cell 
have once being located, should ~esult in large reduc-
tions of manual adjustments after the completion of the 
general layout plan. Also, the availability of a look 
ahead mechanism would ensure a better quality of the 
generated layout, as it will consider the effect of a 
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specific placement on the total score and not just the 
current one. 
In conclusion, making these computerized layout 
planning programs appeal to the detailed stages of 
design of both traditional and cellular manufacturing 
layouts, will increase the number of users and eventu-
ally provide better plant layouts . 
.. 
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